(19) 



J 



(12) 



(43) Date of publication: 

29.04.1998 Bulletin 1998/18 

(21) Application number: 97307814.0 

(22) Date of filing: 03.1 0.1 997 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets (11) E P 0 838 9 1 3 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 6 : H04B 10/155 



(84) 


Designated Contracting States: 


(72) Inventor: Roberts, Kim Byron 




AT BE CH DE DK ES Fl FRGB GR IE IT LI LU MC 


Welwyn Garden City, Herts, AL8 7DL (GB) 




NLPT SE 


(74) Representative: 


(30) 


Priority: 23.10.1996 US 735759 


Ryan, John Peter William et al 
Nortel Patents, 


(71) 


Applicant: 


London Road 




NORTHERN TELECOM LIMITED 


Harlow, Essex CM17 9NA (GB) 




Montreal, Quebec H2Y 3Y4 (CA) 



(54) Stable power control for optical transmission systems 



(57) In an optical transmission system, an optical 
signal is transmitted to an optical element which is sen- 
sitive to changes in the optical power of the signal. 
Changes in optical power are anticipated and damped 
by controlling the transmitter output power, or an exter- 
nal damping element. For WDM systems, wavelengths 



can be added or removed without causing rapid 
changes in total power which would otherwise disturb 
the output of downstream optical amplifiers, and cause 
bit errors. 
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Description 

Field of the invention 

The present invention relates to methods of operat- 5 
ing optical transmission systems, to methods of control- 
ling transmitters, to methods of controlling an optical 
power damping element, to optical transmission sys- 
tems, to transmitters, and to damping systems. 

10 

Background to the Invention 

The power level of an optical signal in an optical 
transmission system limits the distance between regen- 
erators or amplifiers, and needs to be controlled care- is 
fully to avoid errors in the detected bits. 

A signal with too high an optical power is subject to 
nonlinear effects in the fibre such as Self-Phase-Modu- 
lation that can seriously degrade the signal. This causes 
bit errors or loss of frame in the signal. These nonlinear 20 
effects are especially severe at bit rates at and above 10 
Gb/s. The onset of the nonlinear degradations can be 
quite sharp, in that only one or two dB of increase in 
power level can push a signal from optimum perform- 
ance to a failed state. 25 

A signal with too low an optical power is subject to 
noise degradations after attenuation by the optical link. 

Erbium Doped Fibre Amplifiers can cause ampli- 
tude transients when amplifying several wavelengths at 
once. Consider the simple example of two wavelengths. 30 
If one wavelength is removed while the pump power 
remains constant, then the output power at the other 
wavelength will increase by 3 dB. The speed of this tran- 
sient is determined by the pump power and by the 
response of the erbium doped fibre, and is measured in 35 
microseconds. 

Addition of a second wavelength causes a similar 3 
dB drop in the output power of the first wavelength 
present. 

In a wavelength division multiplex system new 40 
wavelengths commonly need to be added to systems 
that are in service. This may be due to an upgrade or 
may be caused by replacing a unit. Wavelengths also 
need to be removed when replacing a unit or reconfigur- 
ing the system. as 

Rapid changes in the power of an optical signal at 
one wavelength can move another signal away from its 
optimum power level towards too high or too low a 
power. Power margin must be allocated in the design of 
the optical system so that during a worst case transient, so 
when combined with other worst case conditions, the 
data remains error free. 

Allowing this margin reduces the available perform- 
ance of the system, for example, reducing the maximum 
allowed amplifier spacings. ss 

Various optical elements are sensitive to power 
changes, including receivers. Even if remaining within 
an appropriate static power range, rapid power tran- 
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sients can still cause bit errors. For example if the tran- 
sient is faster than the response rate of automatic gain 
control in a receiver then the receiver electronics could 
be momentarily overloaded. These distortions can 
cause errors. During a transient the electrical signal, at 
the decision comparator will be larger or smaller than 
anticipated. The eye between logic levels will move, 
which places the decision threshold at the wrong loca- 
tion in the eye which causes bit errors. 

Furthermore, amplitude transients can cause 
phase transients in clock recovery circuits that can 
exceed allowable jitter ranges, even to the extent of 
causing bit errors. 

It is important that the signals carried by the wave- 
lengths other than those being added or deleted remain 
error free. 

It is known from US 5088095 (AT & T) that gain 
clamping by out-of-band lasing in an optical amplifier 
can improve further the response to power transients in 
that amplifier. However, this requires a lot more pump 
power than a normal amplifier which is expensive to 
provide. 

It is also acknowledged in US 5088095 (AT & T) 
that it was known to stabilise amplifier output by detect- 
ing power changes at an amplifier input, and induce 
opposing compensatory changes in the pump power 
control circuitry. 

Cooling an optical amplifier in liquid nitrogen has 
been shown in Journal of lightwave technology vol. 13, 
No 5, May 1995, pages 782-790 "Inhomogenously 
Broadened Fibre-Amplifier Cascades for Transparent 
Multiwavelength Lightwave Networks" by Goldstein et 
al, to allow separate saturation of the different wave- 
lengths and so suppresses crosstalk of the power tran- 
sient between wavelengths. However this is not 
practical for field equipment. 

These three methods attempt to eliminate or mini- 
mise the transient effect of one channel on another in an 
optical amplified system, by improved gain control, once 
the transient reaches the sensitive element. 

Summary of the Invention 

The invention aims to improve on such methods. 
According to a first aspect of the invention there is pro- 
vided a method of operating an optical transmission 
system, comprising the steps of: transmitting at least 
one optical signal to an optical element which is sensi- 
tive to changes in the optical power of the signal; deter- 
mining that the optical power is going to change; and 
damping the change in the signal input to the element, 
in response to the determination. 

In contrast to the conventional methods, by deter- 
mining that the optical power is going to change, and 
damping the change, the system performance can be 
improved, and power margins reduced, since power 
changes are suppressed before they reach the sensitive 
elements. 
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Advantageously, an instruction to change the power 
level is intercepted. This enables the instructed change 
to take place gradually, to reduce the disturbance which 
may be caused by the change. 

Advantageously the determination of change is car- 
ried out by measuring the optical power, and extrapolat- 
ing from the measurement. This enables unforeseen 
changes to be damped before they cause disturbances. 

Advantageously the optical signal comprises a plu- 
rality of wavelengths and the damping step involves 
damping of one or more wavelengths individually. This 
enables the total power to be maintained without dis- 
turbing changes. Notably, optical amplifiers are sensi- 
tive to changes in total power. Advantageously a power 
change in one wavelength band is determined, and the 
damping step comprises the step of damping the 
change in total power by applying a gradually reducing 
compensating change to the power level of at least one 
other of the wavelength bands. This means the com- 
pensating change, which may be rapid, can be divided 
across a number of wavelengths, or that a dummy 
wavelength band can be used purely for the purpose of 
maintaining a stable overall power. 

Advantageously the damping step involves control- 
ling the output power of an optical source of the optical 
signal. This means existing control circuitry can be used 
with little modification. 

Advantageously the method further comprises the 
step of controlling an output power of the optical source 
using a control loop with a predetermined maximum 
rate of change, wherein in the damping step is carried 
out with a lower rate of change. 

Advantageously the optical element is an optical 
amplifier and the method further comprises the step of 
controlling the amplifier power output in response to the 
power in a subset of the wavelength bands. This ena- 
bles the power margins to be reduced further. 

Advantageously the method comprises the step of 
determining a desired rate of damping, according to the 
amount of change and a desired time to complete the 
change. This enables the rate of damping to be control- 
led to suit the circumstances. 

Advantageously the damping step comprises the 
step of controlling the power level of a stabilising optical 
signal, to compensate for the change. 

According to another aspect of the invention, there 
is provided a method of controlling a transmitter of an 
optical transmission system comprising the steps of: 
determining when an instruction to change an output 
power of the transmitter has been received; and chang- 
ing the output power according to the instruction, at a 
rate slower than a usual response rate of the transmit- 
ter. This enables undesirable rapid changes to the 
damped. 

According to another aspect of the invention, there 
is provided a method of controlling an optical power 
damping element in an optical transmission system 
comprising the steps of: determining when there is an 



optical power change at the input to the element; and 
damping the change by allowing the output of the ele- 
ment to make a corresponding change, but at a slower 
rate. This enables rapid changes in power already 

5 transmitted, to be damped. 

According to another aspect of the invention, there 
is provided an optical transmission system comprising: 
means for transmitting an optical signal; an optical ele- 
ment which is sensitive to changes in the optical power 

10 of the signal; means for determining that the optical 
power is going to change; and means for damping the 
change in the signal input to the element, responsive to 
the means for determining the change. 

According to another aspect of the invention, there 

is is provided a transmitter for an optical transmission sys- 
tem, comprising: means for determining when an 
instruction to change an output power of the transmitter 
has been received; means for converting the instruction 
to an instruction to change the output power of the 

20 transmitter at a rate slower than a usual response rate" 
of the transmitter. 

According to another aspect of the invention, there 
is provided a damping system for an optical transmis- 
sion system comprising: means for determining an opti- 

25 cal power change at the input to a controllable element; 
and means for controlling an output of the element to 
allow a corresponding change at the output, but at a 
slower rate. 

According to a last aspect of the invention, there is 

30 provided a method of operating a multiplexed optical 
transmission system for transmitting a plurality of optical 
signals, and comprising an element sensitive to 
changes in optical power, the method comprising the 
steps of introducing a stabilising signal into the optical 

35 path upstream of the element; and 

controlling the power of the stabilising signal to 
compensate for changes in power levels of at least 
some of the other signals transmitted. 

This can be carried out with or without damping, 

40 and can enable a reduction in transients and a constant 
overall power to be achieved. 

Advantageously, the stabilising signal is used to 
carry information. This improves the overall bandwidth 
over the case where the stabilising signal is a dummy. 

45 Advantageously such information is carried at a 
lower rate, which may allow the receiver to cope with 
greater power transients. Alternatively, or as well, the 
information may be carried at a lower rate, or with 
greater redundancy, to enable improved error handling. 

so It will be apparent to a skilled person that the 
advantageous features can be combined with each 
other and with any aspect of the invention as desired. 

Brief description of the drawings 

55 

For a better understanding of the invention, and to 
show how the same may be carried into effect, exam- 
ples of the invention will now be described with refer- 
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ence to the drawings, in which; 

Figure 1 shows an embodiment of the invention in 
schematic form; 

Figure 2 shows an alternative embodiment of the 
invention in schematic form; 
Figure 3 shows a transmitter of figure 2 in more 
detail, in schematic form; 

Figure 4 shows a flow diagram of a power control 
method according to the invention; 
Figure 5 shows another example of a power control 
method according to the invention; 
Figure 6 shows another optical transmission sys- 
tem showing features of the invention; and 
Figure 7 shows another example of the invention in 
schematic form. 

Detailed Description 

Figure 1 shows an optical transmission system 
including optical sources 1, 2, a wavelength division 
multiplexer 3, and an optical amplifier 4. Normally, the 
optical amplifier would be needed at a distance of tens 
or hundreds of kilometres down the link, to overcome 
the attenuation caused by optical fibre making up the 
optical path. Numerous amplifiers may be incorporated, 
according to the distance covered by the transmission 
system, between the source 1,2 and a receiver (not 
shown). In principle, the invention can be applied to sys- 
tems using a single wavelength band, or using other 
types of multiplexing such as polarisation multiplexing 
or time division multiplexing. 

Figure 1 also illustrates a power set point control 
means 5, provided for each of the optical sources (nor- 
mally lasers). A fade-in/fade-out control means 6 is illus- 
trated, feeding the power set point control means. The 
fade-in/fade-out control means is operable in response 
to a power level change determining means 7. 

In practice, the functions of the set point control 5, 
the control means 6 and the determining means 7 may 
be carried out within a conventional micro controller. 
The fade-in/fade-out control means may be operable to 
gradually vary the set point for the output power of one 
of the optical sources, according to an external stimu- 
lus. 

This external stimulus may take the form of an 
instruction to switch off one of the optical sources, eg for 
maintenance or reconfiguration. In this case, a sudden 
switch off might produce sufficient change in the total 
optical power, to disturb the optical amplifier, and cause 
bit errors. Accordingly, the micro controller, controlling 
either or both of the optical sources would gradually 
reduce the set point for the output power of the appro- 
priate optical source. 

The stimulus for a change could also come from 
other sources, such as alarm signals indicating that a 
particular optical source may be at some risk of failing. 
The stimulus could also come from detectors which indi- 



cate that maintenance personnel are beginning to 
extract a card containing an optical source, for mainte- 
nance or replacement. 

In these later two cases, it might be appropriate for 
5 the rate of change of the power set point to be relatively 
rapid, for example one or two seconds, to ensure that 
the fade out is complete before the optical source fails, 
or is disconnected. 

Otherwise, the fade-out could be extended over the 
10 course of around 60 seconds, to allow automatic gain 
control circuits to adjust the pump power of the optical 
amplifier for example, and thus minimise the likelihood 
of bit errors. 

A gradual fade in of the set point of the output 

is power can be initiated in a corresponding way. For 
example, when it is detected that the optical source has 
been re-connected, or when alarms have switched off, 
or when an instruction to add a wavelength is given. 
Figure 2 shows an alternative embodiment. Trans- 

20 mitters 21 and 22 include power control functions. The 
optical output of the transmitters are passed to attenua- 
tors 23, 24 before being passed to a wavelength division 
multiplexing function 25. A total power controller 27 is 
fed by the optical tap 26. To maintain the total optical 

25 power at a stable level, the total power controller con- 
trols the attenuators 23, 24, and/or the individual output 
power controllers for the transmitters 21, 22. The total 
power controller, and the individual transmitter power 
controls may be implemented using a conventional 

30 micro controller. The attenuators 23, 24 may act as 
damping elements, to damp any change in output 
power. Accordingly, prior to switch on of a transmitter, 
an attenuator could be controlled to pass virtually noth- 
ing. After switch on of the transmitter, the attenuator 

35 could be gradually controlled so as to allow a gradual 
increase in signal output power. Correspondingly, if a 
transmitter is to be switched off, prior to the switch off, 
the attenuator 23 could be controlled so as to gradually 
reduce the output signal power. 

40 Furthermore, compensation for transmitter 21 hav- 
ing its power level changed, could be carried out by con- 
trolling the attenuator 24, associated with a different 
wavelength. For example, when transmitter 21 is to be 
switched on, attenuator 24 could be controlled so as to 

45 reduce the power output of the signal originated from 
the other transmitter, transmitter 22. This illustrates how 
the last aspect of the invention could be implemented, 
without necessarily determining that a power change is 
going to happen, and without necessarily damping the 

so change. The compensation is carried out using one or 
more of the wavelength bands as a stabilising signal. 
Clearly it is not essential to use attenuators to control 
the power of the stabilising signal. For example, the out- 
put power of the laser could be controlled as will be 

55 described below. 

Of course, although only two transmitters are 
shown in figure 2 and only two optical sources are 
shown in figure 1 , there could be many more, and simi- 
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lar principles of operation would apply. 

Figure 3 shows in schematic form the principal 
hardware elements involved in controlling the output 
power of a laser. A laser 31 feeds an external modulator 
32, whose output is fed via a optical tap 33. A small pro- 
portion of the optical signal is fed back via an optical to 
electrical conversion stage 34 (usually a P.I.N, diode). 
Amplification usually follows, before a A to D converter 
35 which feeds the micro controller 36. This provides 
the micro controller with values corresponding to the 
output power of the laser. The power values may be 
updated at a rate of tens of kHz, or hundreds of kHz. 
The micro controller, operating at a clock rate of several 
MHz, or tens of MHz can carry out control algorithms to 
adjust the output power of the laser, by controlling its 
bias current. A digital to analogue converter 37 converts 
the output of the micro controller into analogue form, for 
amplification by an amplifier 38. The micro controller 36 
may have other inputs, to received instructions from 
another overall controller, controlling a number of 
lasers, for example operating at different wavelengths, 
feeding a multiplexing device in a W.D.M (Wavelength 
Division Multiplex) system. Furthermore, the micro con- 
troller may receive inputs from mechanical sensors indi- 
cating if the transmitter is being disconnected or 
dismantled, and it may receive inputs from alarm sig- 
nals generated on the same card, from other hardware 
elements shown in figure 3, or from other parts of the 
optical transmission system, even those at remote loca- 
tions. 

Figure 4 shows a flow diagram showing some of the 
control steps to be carried out by the micro controller of 
figure 3, or by a corresponding controller for a damping 
element such as the attenuator shown in figure 2. 

The first step involves determining if the output 
power level is to be changed. As discussed, this can 
involve checking various inputs to the micro controller. 
Next, the amount of the total change in level may be 
determined. This step may be unnecessary, if the output 
is simply to follow the input but at a different rate of 
change. The amount of desired change may neverthe- 
less be useful in the next step, of determining the rate of 
change. This may involve checking inputs to the micro 
controller, to see if there is an urgent alarm, which might 
merit a more rapid rate of change than a normal switch 
on/switch off situation. From the rate of change, the 
amount of change for the current cycle can be deter- 
mined. The loop gain K is set to achieve the desired rate 
of change. 

The next step is to after the power level output by 
the transmitter, by first of all altering the set level, at a 
desired rate. A control loop then tries to achieve the new 
set level. The timing of this control loop should be set so 
that it runs at least ten times as fast as the loop control- 
ling the power set level, so that phase changes in one 
loop do not affect the other loop. 

The loop back to change the set level again may be 
exited after a given time or a given number of iterations. 



or, as shown in figure 4 by ascertaining that the change 
has been completed. 

Figure 5 shows in schematic form the particular 
example of how the micro controller may react to a 

5 switch-off instruction. After detecting such an instruc- 
tion, the set point of the transmitter can be controlled to 
fade off gradually, as shown in figure 4. Finally, the opti- 
cal source in the transmitter can be switched off. 

Figure 6 shows an optical transmission system 

10 including a transmitter 11, an attenuator 12, and a 
receiver 13. The attenuator 12 is controlled by a control 
means 14. The control means 14 is operable in 
response to a fade-in/fade-out control means 15. The 
fade-in/fade-out control means is itself operable accord- 

15 ing to the optical signal power level detected at the input 
to the attenuator 12, or the output of the transmitter 11 . 
The attenuator 12 or an equivalent damping element, 
may be located anywhere in the optical link, before an 
optical element which is sensitive to power changes, 

20 such as the receiver 13, or an optical amplifier. Electri- 
cally controllable attenuators using faraday rotation 
might be suitable and have been announced recently by 
Fujitsu. 

The control means 14, and the fade-in/fade-out 

25 control means 15 can be implemented by a conven- 
tional micro controller, and associated circuitry as 
described above. 

Although not illustrated, the attenuator could, be 
controlled additionally on the basis of a intercepted 

30 instruction to the transmitter to change the power level. 
Conceivably the fade-in/fade-out control means could 
be operable in response to the signal power measured 
at the output of the attenuator, as well, or instead of the 
power measured at the input to the attenuator. The 

35 response time of the control means 14 and the fade- 
in/fade-out control means 15 will be finite, and therefore 
the attenuator may be unable to completely damp 
extremely rapid transitions in power level. Nevertheless, 
ft will have a beneficial effect for a range of types of 

40 power level transition which might otherwise disturb 
sensitive optical elements downstream. 

Figure 7 shows in schematic form some of the fea- 
tures of the invention. A damping means 73 is provided 
in the optical path, leading to an optical element 71 

45 which is sensitive to changes in the power of the optical 
signal. The damping means which may be incorporated 
in the transmitter as an alternative, or as well as being in 
the optical path, is controlled by a control means 74. 
The control means 74 is responsive to means for deter- 

so mining a change in the optical power, 72. The change 
can be determined by extrapolating from measure- 
ments of optical power or can be ascertained from 
instructions to change the power level, or from detecting 
alarms which indicate conditions which may lead to a 

55 change in power level. 

In the embodiments described, where the optical 
element is an optical amplifier, the pump power of the 
optical amplifier may be controlled in response to the 
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power measured in a subset of wavelength bands in the 
optical signal. If the subset is chosen to be those bands 
which are closest to upper and/or lower power thresh- 
olds, then the total power can be controlled with 
reduced power margins. This is described in some 5 
detail in another U.S. patent application by the same 
inventor, entitled " Power control for optical element" (ref 
'Roberts 14*), incorporated herein by reference. 

Other variations within the scope of the claims will 
be apparent to a skilled man. 10 

Claims 

1 . A method of operating an optical transmission sys- 
tem, comprising the steps of: transmitting at least 15 
one optical signal to an optical element which is 
sensitive to changes in the optical power of the sig- 
nal; 

determining that the optical power is going to 20 
change; and 

damping the change in the power of signals 
input to the element, in response to the deter- 
mination. 

25 

2. The method of claim 1 wherein the determination of 
change is carried out by intercepting an instruction 
to change the power level. 

3. The method of claim 1 or 2 wherein the determina- 30 
tion of change is carried out by measuring the opti- 
cal power and extrapolating from the measurement. 

4. The method of any preceding claim wherein a plu- 
rality of signals at a plurality of wavelength bands 35 
are transmitted and the damping step comprises 
damping of one or more of the wavelength bands 
individually. 

5. The method of claim 4 wherein a power change in 40 
one wavelength band is determined, and the damp- 
ing step comprises the step of damping the change 

in total power by applying a gradually reducing 
compensating change to the power level of at least 
one other of the wavelength bands. as 

6. The method of any preceding claim wherein the 
damping step comprises the step of controlling the 
output power of an optical source of the optical sig- 
nal, so 

7. The method of claim 6 further comprising the step 
of controlling an output power of the optical source 
using a control loop with a predetermined maxi- 
mum rate of change, and wherein the damping step ss 
is carried out with a lower rate of change. 

8. The method of any preceding claim wherein the 
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optical element is an optical amplifier and wherein a 
plurality of wavelength bands are transmitted, the 
method further comprising the step of controlling 
the amplifier power output in response to the power 
in a subset of wavelength bands. 

9. The method of any preceding claim further com- 
prising the step of determining a desired rate of 
clamping, according to the amount of change, and a 
desired time to complete the change. 

10. The method of any preceding claim wherein the 
damping step comprises the step of controlling the 
power level of a stabilising optical signal, to com- 
pensate for the change. 

11. A method of controlling a transmitter of an optical 
transmission system comprising the steps of: 

determining when an instruction to change an 
output power of the transmitter has been 
received; and 

changing the output power according to the 
instruction, at a rate slower than a usual 
response rate of the transmitter. 

12. A method of controlling an optical power damping 
element in an optical transmission system compris- 
ing the steps of 

determining when there is an optical power 
change at the input to the element; and 
damping the change by allowing the output of 
the element to make a corresponding change, 
but at a slower rate. 

13. An optical transmission system comprising: 

means for transmitting an optical signal; 
an optical element which is sensitive to 
changes in the optical power of the signal; 
means for determining that the optical power is 
going to change; and means for damping the 
change in the signal input to the element, 
responsive to the means for determining the 
change. 

14. A transmitter for an optical transmission system, 
comprising; 

means for determining when an instruction to 
change an output power of the transmitter has 
been received; 

means for converting the instruction to an 
instruction to change the output power of the 
transmitter at a rate slower than a usual 
response rate of the transmitter. 
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15. A damping system for an optical transmission sys- 
tem comprising: 

means for determining an optical power 
change at the input to a controllable element; 5 
and 

means for controlling an output of the element 
to allow a corresponding change at the output, 
but at a slower rate. 

10 

16. A method of operating a multiplexed optical trans- 
mission system for transmitting a plurality of optical 
signals, and comprising an element sensitive to 
changes in optical power, the method comprising 
the steps of introducing a stabilising signal into the is 
optical path upstream of the element; and 

controlling the power of the stabilising signal to 
compensate for changes in power levels of at 
least some of the other signals transmitted. 20 

17. The method of claim 16 wherein the stabilising sig- 
nal is used to carry information and has a greater 
tolerance to power transients than at least some of 

the other signals. 25 

18. The method of claim 16 or 17 wherein the informa- 
tion is carried at a lower rate compared to informa- 
tion carried by at least some of the other signals. 

19. The method of any of claims 16, 17 or 18 wherein 
lower priority information is carried by the stabilising 
signal, compared to the priority of information car- 
ried by at least some of the other signals. 

20. The method of any of claims 16 to 20 wherein the 
information includes more redundancy than that 
carried by at least some of the other signals. 

40 
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